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I.  INTRODUCTION 


It  has  been  generally  assumed  that  the  decon^Josition  of  l-pyraaolines 
occurs  stereospecifically.-'-'^  This  assunrption  has  been  based  only  on  the 
examination  of  l-pyrazolines  witii  methylene  groups  adjacent  to  the  nitarogen,  3 


e.g. 


CH3OOC  CXXXJHg 


POOCH^ 


CH3OOC        CH3  COOCH^ 

COOCH. 


'3 


COOCH 


III  If 

It  is  rather  difficult  to  make  this  observation  consistent  wiiix 
either  an  ionic  or  a  diradical  mechanism  for  the  deconiposition  of  1- 
pyrazolines  unless  it  is  assuiaed  that  the  ring-closure  to  cyclopropane 
occurs  more  rapidly  than  rotation  around  the  single  bonds. 

Vaa  Alphen's  work^  on  the  decomposition  of  a  l-pyrazoline  with  two 
phenyl  groups  on  the  C-5  atom  confirmed  this  assuiiiption.  According  to 
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his  resultB,  the  decomposition  of  S-methyl-cis-S?  ^dicarbomethoxy-^,  3" 
diphenyl-1-pyrazoline  (V)  yielded,  rather  than  the  anticipated  cis- isomer, 
exclusively  l-methyl-trans-l, g-dicarboaethoxy-Sf  3-dii^enylcyclopropane  (VI ), 
indicating  a  lack  of  stereospecificity  in  this  reaction. 


CH3OOC        COOCHg  COOCH, 


▼  n  ^ 

From  a  consideration  of  the  kind  of  the  substituents  on  the  C-5  atcm 
of  the  afore-mentioned  1-pyrazolines,  it  appeared  that  the  con5»etition 
between  ring-closure  and  rotation  is  dependent  upon  the  stabili-ty  of  the 
decomposition  intermediate. 

In  an  attenpt  to  rationalize  the  stereochemistry  of  the  decon5»osition 
of  certain  5-phenyl-2-pyrazolines,  Jones  has  assumed  that  5-idxenyl-l-pyra- 
zolines  decompose  stereoselectlvely.5*"  Inherent  in  this  assxunption  was 
the  aBsung)tion  that  a  single  phenyl  on  the  C-5  atan  of  the  l-pjrrazoline 
would  not  iiavB  enou^  stabilizinc  effect  on  the  deconiosition  intermediate 
to  allow  free  rotation  around  the  single  bonds.  However,  in  view  of  the 
observations  of  van  Alphen,  it  became  apparent  tliat  the  validity  of  these 
susBumptions  might  well  be  questioned.  TSius,  the  purpose  of  tiiis  project 
was  to  test  the  validity  of  these  assuiqptlons.  The  approach  employed  was 
an  examination  of  the  stereochemistry  of  the  decomposition  of  the  isomeric 
3-me  tlayl- 3, 4-dicarbometiioxy- 5-phenyl-l-pyrazolineB  . 


II.  RESULTS  AND  DISCUSSIONS 

At  the  time  vhen  this  work  vas  begun,  van  Alphen's  result^  was  the 
only  known  exaiqDle  of  a  non-stereospecific  decomposition  of  a  l-pyrazoline . 
His  vork  was  repeated  and  compared  with  the  decomposition  of  the  isomeric 
3-methyl-trans-3A-'iicarhometho3Qr-5,5-diphenyl-l-pyrazoline  (VIl),  an 
addition  product  of  diphenyldiazonetheme  euid  dimethyl  mesaconate.  The 
puipose  of  the  coD5>arison  was  two-fold.  Oae  was  to  ensure  that  the  addition 
of  diphenyldiazomethane  to  dimethyl  citraconate  was  in  a  cis- fashion  so 
that  the  stereochemistry  of  the  l-pyrazoline  (V)  prepared  by  van  Alphen 
WW  as  claimed.  The  other  was  to  provide  further  proof  that  the  decompo- 
sition of  van  Alphen 's  l-pyrazoline  (V)  was  non-stereospecific.  If  the 
deconjosition  of  these  pyrazolines  (V)  and  (VIl)  were  non-stereospecific, 
both  pyrazolines  should  yield  the  same  product,  namely,  1-methyl- trans- 1- 
2-dicarbomethoxy-3»  3-cU.piienyl cyclopropane  (VI ) . 


CH-OOC        CH- 


7^= 


COOCHo 

N 


VII 
This  has  been  found  to  be  the  case.  When  cis-pyrazoline  (V,  m.p* 
12k°C,,   dec.)  and  trans-pyraaoline  (VH,  m.p.  103°C.,  dec.)  were  decom- 
posed at  their  respective  melting  temperatures,  both  pyrazolines  yielded 
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nearly  one  hundred  percent  yields  of  trans- cyclopropane .  The  identity  of 
both  decomposition  products  was  confirmed  by  infrared  spectra  and  mixed 
melting  points.  ^  . 

The  non-Btereospecificity  of  the  decomposition  of  pyrazolines  (V) 
and  (VII)  may  be  explained  as  due  to  the  stabilizing  effect  of  the  tvro 
phenyl  gix>ups  on  the  C-3  atom  of  the  deconiposition  intermediate  (VIII, 
either  ionic  or  free  radical).  The  life- time  of  the  intermediate  could 
tlius  become  sufficiently  long  to  permit  free  rotation  around  the  single 
bonds  before  the  ring-closure  could  occur. 

CHoOOC,        COOCHo 

y — i 

CHg  *3  ■   ' 

VIII  3HE 

On  the  other  hajol,  the  decoraposition  of  3-methyl-cis-3,l|-dicarbo- 
methoxy-l-pyrazoline  (l)  and  its  isomeric  trans-pyrazoline  (ll)  have  been 
found  to  be  stereospecific.^  in  this  casej  the  ring-closure  of  the  inter- 
mediate (IX)  to  cyclopropane  apparently  occurs  more  rapidly  than  rotation 
around  the  single  bonds.  This  is  reasonable  in  view  of  the  system  inves- 
tigated since  either  a  primary  carbonium  ion  or  priiaary  free  radiC€il  would 
be  expected  to  be  extremely  reactive. 

The  afore- mentioned  two  extreme  results  aroused  interest  in  an  inves- 
tigation of  the  analogous  1-pyrazoline  with  one  phenyl  group  on  the  C-5 
atom.  Thus,  alliiough  it  has  been  sucigested  that  a  5-phenyl-l-pyrazoline 
probably  decomposes  Btereoselectively,^'"  this  has  not  been  previously 
demonstrated. 
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Jtor  this  purpose  the  stereochemistry  of  the  decomposition  of  3-methyl- 
cis-3,i^-dicaxboiaBthoxy-5-phenyl-l-pyrazoline  (X)  and  the  isomeric  3-methyl- 
trans-3,J4-dicaxbomethoxy-5-phenyl-l-pyrazoline  (XIl)  vere  investigated. 
The  two  pyrazolines  X  and  XII  were  prepared  from  the  addition  reactions 
of  phenyldiazomethane  with  dimethyl  citraconate  and  dimethyl  mesaconate 
respectively.  (At  this  sta^,  the  configuration  of  the  jiienyl  group  can 
not  be  assigned.  It  will  be  determined  later  on.) 

CH3OOC         COOCH3  CH3OOC, 

)  7CH3 

C5H5...4.   ^^N  C6H5.- 

X  XII 

The  decomposition  of  the  trans-1-pyrazoline  (XII )  was  carried  out  at 
l80-l85°C.  The  analysis  of  Ihe  decongjosition  product  by  gas  chromatoerajiiy 
using  an  I8  ft.  column  of  30-6O  mesh  Tide  in  a  Perkin  Elmer  Model  15l^-B 
Fracometer  at  190°C.  at  an  internal  pressure  of  25  p.s.i.  revealed  the 
presence  of  a  sing^Le  cyclopropane  peak  with  a  retention  time  of  12.?  min. 

The  cyclopropane  (XIII )  was  Isolated  from  the  distillate  of  the  crude 
reaction  mixture  of  the  trans-1-pyrazoline  (XII )  by  liquid  phase  chroma- 
tography and  was  confirmed  by  an  elementary  analysis  and  KMnOj^  test.  In 
order  to  gain  some  knowledge  of  the  configurations  of  the  two  carbomethoxy 
groups,  the  cyclopropane  was  hydrolyzed  under  alkaline  conditions  and  an 
attempt  ms  made  to  close  the  resultant  di-acid  to  an  anhydride  by  heating 
the  di-acid  at  200-230°C.  and  30  Jim.Hg.  Ctaly  unclianged  acid  sublimed, 
indicating  that  the  two  carbometiioxy  groups  in  the  cyclopropane  were  trans. 
The  possibility  of  the  isomerization  of  the  di-acid  during  saponification 


.-T. 


..A 
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vas  eliminated  by  converting  the  di-ocid  to  the  original  cyclopropane  by 
methylation  with  diazomethane . 


CgH  '  COOCH^ 

XIII 
When  the  cis-l-pyrazoline  (X)  was  decomposed  and  analyzed  under 
conditions  identical  with  those  employed  for  the  trans-l-i^razoline  (XII) 
no  cyclopropane  was  detected.  In  order  to  clarify  the  question  as  to 
Vlitther,  in  this  case,  no  cyclopropane  is  formed  or  whether  the  cyclopro- 
pane formed  has  an  extremely  long  retention  time,  one  of  the  isomeric  cis- 
cyclopropsuies  (Xl)  was  synthesized  and  analysed  by  gas  chroraatograjiiy. 
■Hie  synthesis  of  the  cis- cyclopropane  (XI )  was  acconiplished  by  the  methy- 
lation of  a  half-ester  obtained  by  refluxing  the  cyclopropane  anhydride  (XV) 


W 


t 

3 

► 

V 

XIV  XV 


(Half-ester) 


■  ^2^^2 

/ 

OOCH^ 

\     COOCH^ 

^d'i 

CHo 

XI 


V  f 
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in  methyl  alcohol.  The  cyclopropane  aaahydride  (XV),  on  the  other  hand, 
\raB  prepared  from  the  decomposition  of  pyrazoline  anhydride  (XIV)  result- 
ing from  the  addition  of  phenyldiazomethane  to  citraconic  anhydride.  When 
the  cyclopropane  thus  obtained  was  aaeLLyzed  by  gas  chromatography  under 
the  conditiCMi  described  previously,  it  showed  a  peak  with  a  retention  tine 
of  17.7  min. 

This  observation  suggested  that  probably  no  cyclopropane  was  formed 
under  the  conditions  einployed  for  -fee  decomposition  of  the  cis-l-pyrazoline 
(X).  Attempts  were  made,  therefore,  to  find  conditions  under  iriiich  the 
cis-l-pyrazoline  (X)  would  yield  cyclopropane.  The  pyrazoline  was  deconr 
posed  at  several  different  tenperatures  ranging  from  ll+0°C.  to  26o°C.  !I5ie 
deccanpositions  were  also  tried  by  refluxing  the  pyrazoline  in  xylene, 
mesitylene  and  decalin.  In  no  case  could  a  cyclopropane  be  detected  in 
the  V.  p.  c.  chart.  However,  when  the  cis-pyrazoline  (X)  was  introduced 
into  a  test  tube  preheated  at  280-290°C»,  the  deconqposition  gave 
cyclopropane. 

The  analysis  of  the  above  decomposition  product  by  gas  chromatography 
revealed  two  peaks,  the  larger  peak  with  a  retention  time  of  I7.7  min.  and 
the  SDBller  peak  with  a  retention  time  of  12,7  min.  Hie  retention  time  of 
the  large  peak  was  identical  to  that  of  the  ci s-  cyclopropane  (XI )  and  the 
retention  time  of  the  small  peak  to  that  of  the  trans- cyclopropane  (XEIl). 

^<When  the  crude  cis-pyrazoline  (X)  with  m.p.  lOUOC.  was  melted,  the 
intensity  of  the  -NH  absorption  in  the  infrared  spectrum  increased.  It  is, 
therefore,  thought  that  the  failure  of  the  formation  of  the  cyclopropane 
from  the  cis-pyrazoline  (X)  with  d.p.  137°C.  decomposed  at  the  temperature 
below  260^0.   is  due  to  its  tautomerization  to  a  2-pyrazoline,  thus  prevent- 
ing the  formation  of  a  cyclopropane. 


-  8  . 

Addition  of  previously  prepared  cis-  and  trans-cyclopropane  (XI)  and  (XIII ) 
to  the  reaction  raixtiore  enhanced  the  peaks  already  present,  thus  confirming 
the  assignment  of  these  peaks  to  cis-  and  trans- cyclopropane .  Quantitative 
analysis  by  gas  chromatography  revealed  that  the  decongwsition  product  of 
the  cis-pyrazoline  (X)  contained  approximately  6  percent  of  cis- cyclopro- 
pane (XI)  and  approximately  2  percent  of  trans-cyclopropane  (XIII ), 
indicating  the  decomposition  was  stereoselective  regarding  the  cis-  and 
trans- relationship  of  the  two  carbometho:!or  groups. 

It  now  becomes  necessary  to  consider  the  stereochemistry  about  the 
thii^  and  remaining  carbon  atom  in  the  cyclopropajie  ring.  There  are  four 
possible  isomeric  cyclopropanes  (XVl),  (XVIl),  (XVIIl)  and  (XIX)  which 
can  be  derived  from  the  1-pyrazolines  (X)  and  (XII ).  Of  these  four  cyclo- 
propanes, the  ones  with  structures  (XVIIl)  and  (XIX)  are  sterically  less 


lOOCHc 


XVI 


lOOCH- 


XVII 


COOCH- 


COOCH- 


XVIII  ,     XIX 

stable  than  the  ones  with  stractui-es  (XVI )  and  (XVII ),  due  to  the  fact 
that  there  are  three  bulky  groups  on  the  same  side  of  the  cyclopropane 
ring.  Actually  only  two  cyclopropanes  were  detected  from  the  decomposition 


':.-  '■  '-iW 
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products  of  the  l-pyrazolines  (X)  and  (XIl).  It  was,  therefore,  reasoned 
that  the  cyclopropanes  resulted  fran  the  decomposition  of  cis-  and  trans- 
l-pyraaolines  were  jnost  likely  the  eterically  more  favoiuble  cyclopropanes 
(XVI)  and  (XVIl). 

In  order  to  verify  the  above  Btei^ocheinical  assignments,  the  tvro  2- 
pyrazolines  (XX)  and  (XXl)  were  prepared  by  reactions  of  methyl  diazoa- 
cetate  with  methyl  K-metiiyl  cinnamate  and  methyl  alio-  0( -methyl  cinnamate 
respectively,  Kie  decougxjsition  of  these  2-pyrazolines  was  effected  at 
200-250°C. 


COOCH 


.  ^ . 


CH,OOC  ^<N^    H  CH2OOC 

XX  m 

According  to  Jones,  the  stereochemical  course  of  the  decomposition 
of  2-pyrazolines  can  be  predicted  by  presuming  that  tlae  reaction  proceeds 
by  an  initial  tautomerization  to  the  sterically  favored  l-pyrazoline 
followed  by  expulsion  of  nitrogen.^*   This  rule  has  been  confirmed  for 
certain  3-carbomethoxy-2-pyrazoline6.  Since  both  2-pyrazolines  (XX)  and 
(XXI)  are  3-carbomBthoxy-2-pyrazolines,  upon  decoiipDsition  they  could  be 
expected  to  yield  predominately  cis-  and  trans- cyclopropane  (XVI)  and 
(XVIl)  respectively.  > ->! 

The  results  of  the  analyses  of  the  decomposition  products  of  2- 
pyrazolines  (XX)  and  (XXI )  by  ^s  chromatograj^y  were  in  line  with  the       !:  '^ 
Mittctations.  H^  analysis  of  the  deccm^tosition  paxtduct  of  2-pyrazoline 


'fr\ 
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XX 


I^CHgOOC 


CH^OOC 


XVI 


XXI 


/ 


■  CH-OOC 


CH2OOC 


COOCH- 


XVII 


(XX)  indicated  that  the  decon^position  product  contained  a  inaxlnRira  of  79 
percent  by  weigjit  of  the  cis- cyclopropane  (XI )  aad  a  aaxlimaft  of  8  percent 
by  wei^t  of  the  trans- cyclopropaae  (XEIl)  (or  other  material  with  Bimilar 
retention  time),  'Hie  results  of  the  analysis  of  the  deconpoBition  products 
of  the  2-pyrazoline  (XXI ),  on  the  other  hand,  indicated  that  the  decompo- 
sition product  contained  a  maximum  of  23  percent  by  weight  of  the  trans- 
cydopropane  (XIII )  and  a  maximum  of  $  percent  by  wei^t  of  the  cis- 
cyclopropane  (XI)  (or  other  material  with  similar  retention  time).  The 
major  cydopropanes  in  the  deconposition  products  of  the  2-pyrazolines 
(XX)  and  (XXl)  were  both  isolated  by  liiuid  phase  chromatography  and 
confirmed  by  their  infrared  spectra  to  be  identical  with  cis-  and  trans- 
cyclopi-opanes  (Xl)  and  (XIII)  respectively. 

15ie  fact  that  the  two  2-pyrazolines  which  were  decomposed  gave 
different  major  cyclopropane  products  is  a  good  indication  that  at  no  time 
during  the  decomposition  did  equilibrating  rotation  around  the  single  bonds 
occur.  Thus,  the  stereochemical  relationship  of  the  phenyl  and  the  ring- 
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methyl  must  be  the  same  in  the  product  as  in  the  reactant.  If  this  is 
true,  then  the  fact  that  the  cyclopropanes  resulting  from  the  decomposition 
of  tlie  2-pyrazolines  are  identical  with  those  resulting  from  the  decon5)0- 
sition  of  the  1-pyrazolines  leads  to  the  conclusion  that  cyclopropanes 
resulting  from  the  decon^wsition  of  els-  and  trans- 1-pyrazolines  actually 
have  the  structure  pictured  in  XVI  and  3CVII,  respectively. 

The  n.m.r.  analyses  also  confirmed  the  above  stereochemical  assign- 
ments for  the  cyclopropane  (XI )  and  (XIII ).  The  results  of  analysis 
showed  that  the  cis- cyclopropane  (Xl)  had  a  coupling  constant  of  6.9  c.p.s. 
aM  the  trans- cyclopropane  (XIIl)  7.2  c.p.s.  for  the  two  neighboring 
cyclopropane  hydrogens,  demonstrating  that  in  both  cyclopropanes  the  two 
hydrogen  atoms  were  in  the  trans  configuration. ' 

The  consideration  of  tlie  stereochemistiry  of  the  cyclopropanes  assigned 
above  suggested  that  the  phenyl  groups  on  the  C-5  atom  of  the  original  1- 
pyrazolines  (x)  and  (XII)  were  tarans  to  the  carbomethoxy  groups  on  the  C'k 
atom  of  the  pyrazolines.  As  the  hydrogen  atoms  in  the  cyclopropanes 
found  in  the  decomposition  product  were  trans  with  inspect  to  one  another, 
it  seems  likely  that  the  two  hydrogen  atoms  in  the  parent  pyrazolines  also 
assume  tlie  same  stereochemistry.  Otherwise,  the  deconiposition  of  the 
pyrazolines  (X)  and  (XII)  would  require  that  there  were  only  equilibration 
between  the  C-U  and  the  C-5  atom  and  no  equilibration  between  the  C-3  aM 
the  C'k  atom  of  the  pyrazolines  taking  place. 

for  this  reason  the  structures  (XXII)  and  (XXIIl)  are  assigned  for 
the  pyrazolines  (X)  and  (XIl)  respectively.  However,  the  assignments  are 
not  very  conclusive  in  view  of  the  possibility  that  the  rotation  around 
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■aie  bonds  between  the  C-i;  and  the  C-5  atom  could  conceivably  be  easier 
than  those  betvreen  the  C-3  and  the  C-4  atom  of  the  pyrazolines  due  to  the 
presence  of  the  bulky  inethyl  group  (or  the  carbonethoxy  group  for  the 
pyrazoline  (XII ))  on  the  C-3  atcan  as  congjared  to  the  small  hydrogen  atom 
on  the  C-5  atom  of  the  pyragoliBe,  '  ' 


'■■■■^ 
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1 


'X 


-1 


->  •■> 


III.  EXPERIMENTAL 

Preparation  of  3-P'gthyl-^3^,^-3.4-dlcai^onBthoay-5,^~dlphenyl-l-pyrM50llne 
(V).  --  To  10  grams  (O.O556  mole)  of  dimethyl  citraconate^  vas  added  10.8 
craiQS  (O.O556  mole)  of  crystalline  diphenyldiazomethane  obtained  from  the 
oxidation  of  "benzophenone-hydrazone.^  The  resultant  solution  was  set 
aside  vlth  occasional  shaking.  After  two  days,  the  vhole  solution  h£ui 
solidified.  The  solidified  mass  vas  pink  colored.  After  one  week,  the 
sli^itly  pink  mass  was  filtered  and  the  resulting  solid  was  washed  twice 
with  50  ml.  portions  of  ether  ajad  then  recrystallized  three  times  from 
methyl  alcohol  to  give  8.4  grams  of  coarse  colorless  crystals;  m.p.  124°C. 
with  decongxjsition.^  Yield:  43*0  percent. 

Analysis;  Calculated  as  CgQEggOi^Ng:  C,  63.18;  H,  5.68;  N,  1,S5»  '-'['i 

Found;  C,  67.8I;  H,  5*95;  N,  8.O8.  >- ' 

Bie  infrared  spectrum  indicated  the  absence  of  the  -NH  group.  -^^ 

Decomposition  of  3-methyl-i:ia"3^  Vdicarbomethoxy-5j5"'ilphepy-l--l"I>yra2oline 
(V).  —  A  san?>le  (0.237  gram;  O.673  mmoles)  of  V  was  decomposed  at  125°C. 
until  nitrogen  evolution  had  ceased.  The  decomposition  product,  \riiite 
solid,  weighed  0.217  gram  (equilvalent  to  O.67O  nnole  of  the  corresponding 
cyclopropane  (VI)).  Recrystallization  of  the  product  from  methyl  alcohol 
yielded  colorless  needles,  m.p.  lll^-115°C.,  which  did  not  decolorize  KMnOj^ 
solution.^  Admixture  with  the  decomposition  product  from  the  trans- pyra- 
zollne  (VIl)  showed  no  depression  in  melting  point.  Infrared  spectra  of 
the  two  decon^xssltion  products  were  also  identical.  .'^ 

-  13  - 


RKJ-" 


-  lU  - 

Preparation  of  3-iaethyl'-Jaaas-3^^-^carbomethoxy-^,^-diphenyl"l~pyrazoline 
(VIl).  —  To  10  grams  (0,0556  laole  )  of  dimethyl  mesaconate-'-^  was  added  10.8 
grams  (O.0556  mole)  of  dlpihenyldiazoinetlmne."  The  resultant  solution  was 
shaJsen  well  and  set  aside  ovemlf^t.  By  the  next  morning,  the  whole  solu- 
tion had  solidified.  The  solidified  mass  was  slightly  pink  colored. 
After  one  week  all  of  the  pink  color  had  disappeared.  Ttie   greenish  solid 
left  behind  was  then  washed  with  etiier  and  re  crystallized  from  methanol 
to  yield  9.1  grams  of  coarse  crystals;  m,p.  104°C.  with  decomosition. 
Yield:  k6»k  percent.  ,    ■- 

Analysis;  Calculated  as  CgQHgQOi^Ng:  C,   68.18;  H,  5»68;  N,  7.95 » 

Found;  C,  68.28;  H,  5.71;  N,  8.22. 

The  infrared  spectrum  indicated  the  absence  of  the  -HH  group. 

DecCTnposition  of  3-g>ethyl-trans-3.»^-dicarbomethoxy-5j5-cU-Pl^enyl"3-'pyw^ 
zoline  (VIl).  —  A  sample  of  O.I92  gram  (0.5^6  nmole)  of  VII  was  decom- 
posed at  105°C.  until  nitrogen  evolution  had  ceased.  The  dec(M?>ositlon 
product,  white  solid,  weighed  O.I77  gram  (corresponding  to  0.51*5  mnole 
of  1-methyl- trans-1, 2-dlcarbometho:i{y- 3, 3-dlphenyl  cyclopropane  (Vl)). 
Recrystallizatlon  of  the  product  tram  methyl  alcohol  yielded  colorless 
crystalline;  needles,  m.p.  115°C.,  which  did  not  decolorize  RTfaOj^  solution. 
Admixture  with  the  decongxDsition  product  from  3-methyl-cls-3>  U-dicarbtaas- 
thoxy-5,5-diiiienyl-x-pyrazoline  (V)  showed  no  depression  in  melting  point, 
©le  infrared  spectra  of  the  tvro  decon^wsition  products  were  also  identical. 

Preparation  of  benzaldehyde-hydrazone.  —  To  an  ice- cooled  solution  of 
azihydrous  hydrazine  (64.0  grams,  2.00  moles)  was  added  dropwise  with 
stirring  a  solution  of  IO6  grams  (1.00  mole)  of  benzaodehyde  in  300  ml. 


g-.r.v.-   „.,  ^   V.  -." ■--a-.^-.-^v  7    .-  -  -  -   -  ..■»  pj'Jfr;' 


-  15  - 

of  ether.  After  the  addition  of  the  benzaldehyde  solution,  the  resultant 
solution  was  dried  over  solid  sodium  hydroxide  for  three  or  four  days 
until  the  solution  became  reddiidi  brown.  Ihe  solution  was  then  filtered 
and  the  solvent  and  excess  hydrazine  were  removed  on  a  water  bath  under 
the  vacuum  of  a  water  aspirator.  The  residue  was  distilled  at  a  pressure 
of  12  raca.  Seventy- two  grains  of  the  distillate  with  b.p,  134-136°C.  were 
obtsdned.  Yield:  60.0  percent.  (Different  preparations  resulted  in 
different  yields  \rt:iich  ranged  from  58»3  to  61.3  percent.) 

Preparation  of  phenyldlazomethane.  —  Fifty  grams  (0,458  mole)  of  bensalde- 
hyde-hydrazone  was  suspended  in  5(X>  ml.  of  pentane.  With  stirring  100 
graBS  (0.1+63  mole)  of  red  mercuric  oxide  vere   introduced  to  the  suspension 
in  a  time  interval  of  two  and  one-half  hours.  After  the  addition  of 
mercuric  oxide  the  reaction  mixture  was  further  stirred  for  one-half  of 
an  hour.  The  mixture  was  then  filtered  to  remove  insoluble  materials. 
The  residue  was  washed  with  50  ml.  of  pentane «  T3ae  washing  was  cc»Bbined 
with  the  filtrate.  fDie  final  volume  of  the  pentane  solution  was  530  nfl-» 

From  titration  with  msleic  anhydride,  the  concentration  of  phenyldla- 
zomethane in  pentane  was  estimated  to  be  O.313  X  10"^  raD»le/ml.  Yield: 
37«8  percent* 

Preparation  of  3-methyl-g^-'^,i)-dicarbomethoxy-5-l^snyl-l-pyrazoline  (x).  — 
To  111. 8  grams  (O.0939  mole)  of  dimethyl  citraconate  was  slowly  added  300 
Ol.  of  ice-cold  solution  of  pentane  ccaitainlng  11.1  grams  (O.O939  mole) 
of  phenyldlazomethane.  The   resultant  solution  was  shaken  well  and  was 
placed  in  the  refrigerator.  After  three  days  at  this  tengjerature,  a  mass 
of  white  solid  contaminated  with  orange  and  yellow  precipitates  had  formed. 
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OSie  solids  vere  filtered  and  washed  several  tines  with  pentane  until  the 
ira-shing  was  only  sli^tly  yellow.  The  solid  was  then  washed  with  ether  to 
remove  the  reiaaining  yellow  color  in  the  white  solid.  The  \*iite  solid 
after  washing  and  drying  in  a  vacuua  desicator  weired  l8.40  grams,  m.p. 
104-109°C.  Bie  white  solid  was  imstable  in  the  air.  Upon  standing  in 
the  air  for  three  or  four  hours  the  solid  changed  to  a  brownish  viscous 
HESB.  It  was  also  unstable  in  warm  methanol,  chloroform  and  carbon 
tetrachloride  solution.  When  the  white  solid,  m.p.  10Vl09°C.,  was  dis- 
solved in  any  of  these  solvents  the  solution  chatiged  from  colorless  to 
yellow. 

!Ihe  white  solid  with  cup.  10J^-109°C.  (15. 65  Grams)  was  dissolved  in 
approximately  8OO  ml.  of  ether.  After  most  of  the  solvent  was  removed  by 
the  slow  evaporation  of  ether  in  the  hood,  the  colorless  crystals  formed 
were  separated  from  the  reiaaining  yellow  oil  by  filtration.  1316  colorless 
crystals  after  being  washed  with  ether  weired  3.O5  grams,  m.p.  130°C.  with 
decomposition.  The  Tdiite  crystals  (1.^+7  gr&ms),  m.p.  lyPc,   with  decompo- 
sition, were  recrystallized  from  cold  zaetbanol  solution  to  yield  1.30  grams 
of  the  %*,ite  crystals,  m.p.  137*^C.  with  decomposition.  Yield:  12.1 
percent. 

Analysis;  Calculated  as  O-^ii^j^^HQOi^:     C,  60.9O;  H,  5.80.  : 
Found;  G,  6O.93;  H,  5.83»  '  / 

The  infrared  spectrum  indicated  the  absence  of  the  -KH  g^ouip* 

Preparation  of  3-ippt.h||ri-j-jjgQg-^^.4-dicarbometho3{y--3--phenyl"l-pyrazoline 
(XII).  —  To  24.50  grams  (O.I55  mole)  of  dimethyl  laesaconate  was  slowly 
added  2l8  ml.  of  ice-cooled  solution  of  pentane  containing  I8.3  grams 
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(0,155  mole)  of  phenyldiaaome-Gxane.  13xe  resultant  solution  was  shaken 
well  and  placed  in  the  refrigerator. 

After  three  days,  a  mass  of  white  solid  contaminated  with  orange  and 
yellow  precipitates  deposited  on  the  bottom  of  the  flask.  !nie  solids 
were  filtered,  washed  several  tiiaes  with  pentane  until  tiie  washing  solution 
was  only  sligjitly  yellow,  nxe  solids  were  further  vretshed  with  ether  to 
give  38.5  grams  of  white  solid  which  melted  at  63°C.  (started  to  bubble 
at  65°c.).  .  — 

Ten  grains  of  the  white  solid  with  m.p.  63°C.  were  dissolved  in  approx- 
iimtely  50  ml.  of  ether  and  the  solution  was  placed  in  the  refrigerator. 
After  about  a  week,  the  vtdte   solid  which  had  separated  was  filtered  and 
i  recrystallized  from  acetone*  M.p.  175°C.  with  decoo^KJsitlai.  Yield:  1.1 
grams  (9.9  percent) •  ,  ■  • 

Analysis:  Calculated  as  C;l1|Hi6^2°4-  ^'   60.9O;  H,  5.80j  N,  10.14, 

Fjund;  C,  61.02;  H,  5.69;  N,  10,08,  C,  61.15;  H,  5.79;  N,  10.22. 

Infrared  absorptions  indicated  the  absence  of  the  -NH  group. 

In  soiBB  cases,  even  after  vreeks  in  the  refrigerator,  tiie  reaction 
product  of  diiaethyl  mesaconate  and  phenyldiazomethane  failed  to  solidify. 
In  these  cases,  the  two  layers  formed  in  the  flask  wei^  separated.  An 
approximately  equal  volume  of  ether  was  added  to  the  reddish  viscous  oil 
that  had  been  the  bottom  layer,  and  the  ether  was  slowly  evaporated  at 
ice  teii5)erature  for  several  days.  !Hie  \Aiite  solid  s«SN|smted  was  recrystal- 
lized from  acetone  to  give  a  \fliite  solid  which  decoiipOBed  at  175®C. 

In  a  typical  run,  300  ml.  of  pentane  containing  0.111  mole  of  phenyl- 
diazOTiethane  were  added  to  I8.7  grams  (0.111  mole)  of  dimethyl  mesaconate 
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aM  3.2  grains  (yield:  10,4  percent)  of  the  \*Lite  solid  with  decOT5>osltion 
point  175°C.  were  isolated  by  the  afore-mentioned  method. 

Preparation  of  l-methyl-gJ^§-1.2-diearl>omethoxy-3-phenylcyclopropane  (Xl).  — 
To  thirty  grams  (0.268  mole)  of  citraconic  anhydride  was  added  an  equi- 
molar  amount  of  phenyldlazoioethane  in  500  ml,  of  pentane.  The  reaction 
mixture  was  set  in  the  ice  room.  The  next  day,  33,3  grams  of  white  solid 
contaminated  with  a  small  amount  of  yellow  crystals  had  formed.  The 
solid  was  isolated,  dried  in  the  vacuum  desicator  and  decongxjsed  at  90- 
100°C.  The  decomposed  product  weired  28.8  grams.  Twelve  grams  of  the 
decomposition  product  was  refluxed  in  I50  ml.  of  95  percent  methanol        .  ,, 
solution  for  6  hours.  After  refluxing  the  solvent  was  removed  on  the      ■  i« 

water  bath  under  the  vacuum  of  a  water  aspirator.  To  the  residue  an        '  I 

''  -   ■  ^^. 
etheral  solution  of  diazome thane  was  added  until  biibblee  were  no  longer       ' 

evolved.  The  ether  was  removed  and  the  residue  was  dissolved  in  acetone 

;  \       and  oxidized  with  10  percent  KMnOj^  solution.  The  brown  and  blswdc  precip- 

;'        itates  formed  during  the  course  of  the  oxidation  were  filtered.  Water 

was  added  to  the  filtrate  and  the  resultant  solution  was  extracted  three 

times  with  20  ml.  portions  of  ether.  The  ether  extracts  were  combined 

and  dried  over  anhydrous  calcium  sulfate.  After  the  reiuDval  of  ether  -Hie 

1 

residue  was  distilled.  The  fraction  which  distilled  at  l6o-l62°C./6  nan. 

was  collected.  Yield:  3.2  grams  (11.6  percent).  ,  > 

^;            Analysis:  Calculated  as  Cj^i^Hj^^O]^:  C,  67.78;  H,  6.^5.  v] 

gound;  C,  67.62;  H,  6.72.  '  U; 

HtE  Analysis;  Coupling  constant  for  nel^boring  hydrogen  atoms;  6.9 

c.p.s,              •  ' 
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Isolation  of  l-iaetiiyl-1^ra^^-l.2-dicarl>omettioxy-3-phenylcyclopropane 
(XIII ).  —  The  oil  (U3.2  grams)  resulting  from  the  preparation  of  trans- 
pyrazoline  (XIl)  vas  fractionally  distilled  to  give  the  following  fractions* 


Fxuctiou 

B.  P.  °C. 

P.  mm* 

Wt.  gr. 

1 

lOlt-1  ?0 

15 

h» 

2 

120-1 ?0 

15 

M'. 

3 

160-160 

13 

<M 

k 

160-175 

13 

i.a 

5 

175-190 

13 

11^. 0 

Residue 

22.0 

One  gram  of  the  distillate  from  the  fifth  fraction  was  chroma tographed 
by  using  a  column  (diameter,  1.5  cm.;  length,  30  cm.)  packed  with  kO   grams 
of  £w:id-washed  alumina.  Tbe   safl5>le  was  transferred  into  the  column  by 
dissolving  in  a  very  small  amount  of  35  percent  ether  in  hexans.  Twenty 

pex^sent  ether  in  hexane  was  used  as  elueat.  The  foUotfing  fractions  vere 

■■■■'.        •  '    ■'^ 
collected*  --\ 

■ '  •  f 

'     -^ 


Fraction 

Volume, 

ml. 

Wt. 

of  the  residue,  n^. 

1 

10 

35 

a 

90 

f 

:'.    ii 

3 

'■"•'    6). 

123 

k 

3» 

134 

5 

30 

5i 

6 

35 

100 

7 

50 

^ 

-^ 


Pi 


if. 


Olie  residue  from  fractions  2-7  were  dissolved  in  hexane  and  cooled 
at  QOc,  over  night  to  give  320  mg.  of  white  precipitate,  Recrystallization 
of  the  Tihite  precljpitate  several  times  from  MeOII-H20  yielded  250  mg.  of 
colorless  cryBtals,  m.p,  Ul,5-U3°C.,  'wbich  did  not  decolorize  KlfaO^ 
solution.  Yield:  28.4  percent. 

Analysis;  CalciOated  as  C-^i^E-^^O^^i     C,   67,78;  H,  6.U5. 

Found;  C,  68.l6j  H,  6,h9, 

MMR  Analysis;  Coupling  constant  for  nei^boring  hydrogen  atoms;  7«2 
cp.s. 

I^ydrolysis  of  l^jtgji,!^- cyclopropane  (XIIl),  —  A  saii5>le  of  0*65  grains  of  the 
trans- cyclopropane  was  dissolved  in  5  ml,  of  5  percent  KOH-MeOH  solution. 
After  k  days,  the  above  solution  was  poured  into  20  ml*  of  distilled  water 
and  acidified  with  10  percent  Hd  solution  until  the  solution  was  strongly 
acidic.  The  solution  which  becane  turbid  was  then  extracted  three  times 
with  ether.  Bie  ether  extracts  were  combined,  washed  with  distilled 
water  until  the  washings  were  neutral  to  litmus  paper.  The  ether  solution 
was  dried  over  anhydrous  calcium  sulfate  over  nig^t.  The  residue  obtained 
after  the  removal  of  ether  weigjied  0,54  grains  m.p.  104-110°C.  Recrystalli- 
zation from  MBOH-H2O  yielded  colorless  crystals  with  m.p.  113-115°C. 
Yield:  93  percent.  '-■'''■ 

Analysis;  Calculated  as  012^3^01,.;  C,  65.5;  H,  5. 46. 
R>und:  C,  65.75;  H,  5»64.  ■  ■  ^■ 

A  small  amount  of  the  di-acid  was  converted  to  its  dimethyl  ester 
with  diazosaethane.-^-'-  Its  infrared  spectrum,  melting  point,  and  mixed 
melting  point  with  jHire  trans-  cyclopropane  proved  that  no  isomerization 
had  occurred  during  the  hydrolysis.  An  atten5>t  to  close  the  di-acid  to 


■»} 


i 
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the  anhydride  failed.  Upon  heating  the  acid  at  200-230°C.  and  30  am.  in 
a  siiblimation  apparatus,  only  unchanged  acid  sublimed,  nup.  113-115°C. 
Mixed  with  pure  acid;  no  depression  in  melting  point. 

Preparation  of  3,g-dicarbomethoxy-^-phenyl-5-methyl-2-pyrazoline  vith 
phenyl  and  methyl  groups  c|.s  (XX) .  —  To  24.1  grams  (0,137  mole)  of  methyl 
(X-methylcinnamate^S  ^^s  added  13.70  grams  (0,137  mole)  of  methyl  diazoac- 
etate^S  prepared  from  the  diazotization  of  me1±iyl  glycinate  hydrochloride.-^^ 
The  resultant  yellow  solution  was  heated  at  90-95°C.  for  3  days.  The 
coij^aeticax  of  the  reaction  was  tested  by  addition  of  a  few  drops  of  dilute 
hydrocMoric  acid  solution  to  a  soall  portion  of  the  reaction  mixture.  No 
nitrogen  evolution  was  observed.  THie   reaction  mixture  was  then  eluted 
with  ether  throu^  a  column  (diameter,  3  cm.;  length,  50  cm.)  packed  with 
200  grams  of  acid-washed  alumina.  The  residue  obtained  after  the  evap- 
oration of  ether  weired  33.0  grams.  A  17.4  grams  portion  of  the  residue 
'■  ■  was  distilled  under  nitrogaa  at  a  pressure  of  k»9  mn.  to  remove  unreacted 

methyl  o(-methylcinnamate.  The  fractions  which  distilled  up  to  l60°C. 
were  collected.  The  residue  remaining  in  the  distillation  pot  weighed 
8.1  grams.  The  residue  was  recrystallized  from  CCli^  to  give  2.35  graos 

;  ..      of  colorless  crystals  of  m.p.  113-ll6°C.  Repeated  recrystallization  from 
CClj^  yielded  white  crystals,  m.p.  114.5-115°C.  Yield:  11,8  percent. 

,  •   ,.       Analysis;  Calculated  as  C-j^i^^gOj^Ng:  C,  6O.9O;  H,  5.8O;  K,  10.14. 
Pound;  C,  60.9I;  H,  5.97;  N,  10.20. 


■^, 
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Significant  infrared  absorptions;  2.95,  5. 71,  5.8l,  6. 4l  microns.       '^ 
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Preparation  of  3j5-'iicar'boinethoxy-4-phenyl"^-iaetfayl-2-pyTazollne  vith 
phenyl  and  methyl  fp^-oups  ^rap.s   (XXI )»  •—  To  2.93  grams  (0,0176  mole)  of 
nethyl  allo>  «  -methylclnnajgate-^^  vas  added  I.76  grams  (O.OI76  mole)  of       ^ 
njethyl  diazoacetate.  The  resultant  solution  was  heated  at  80-85°C.  for  h 
days.  At  the  end  of  this  time  a  small  portion  of  the  reaction  mixture 
gave  no  nitrogen  evolution  irpon  the  addition  of  dilute  hyirochloric  acid 
solution.  The  solution  was  then  distilled  at  a  pressure  of  5  mm*  to 
remove  unreacted  methyl  alio-  oC-methylcinnamate.  All  material  -which 
boiled  up  to  106°C.  (2.2^  grams)  was  collected.  The  residue  in  the 
distillation  pot,  weighed  1.75  grams.  Significant  infrared  absorptions: 
2.99,  5.70,  5.80,  6.15,  14.25  microns.  Without  further  purification  the 
residue  was  decon^posed  and  the  decoiqpoBltion  product  analyzed  by  gas 
chromatography.  ;    ' 


General  procedure  for  gas  chroinatographic  analysis  of  the  decongposition 
product.  —  A  Perkin  Elmer  Model  I5U-B  vapor  fractometer,  operating  at 
l88-192°C,  and  25  p.s.i.  and  utilizing  an  l8-foot  coiled  l/k   inch  copper 
tube  packed  with  30-60  mesh  Tide  detergent  (F  &  M  Scientific  Corp.)  was 
employed  for  analyses  of  the  decomposition  pl^^ducts. 

Before  the  column  was  used  for  analysis,  it  was  "baked"  in  the 
heating  chamber  for  about  I8  hours  at  a  temperature  of  l80-190°C.  and  a 
helium  pressure  of  10  p.s.i.  to  remove  excess  liquid  phase  from  the  deter- 
gent packing.  The  liquid  phase  comes  off  initially  in  a  discontinuous 
fashion,  finally  leveling  off  to  a  constant  flow  \*d.ch  continues  through- 
out the  operational  life  of  the  column.  If  not  removed  prior  to  the 
column's  use,  this  initial  effluent  causes  an  erratic  pattern  of  thermistor 
response  which  interferes  with  the  analysis. 
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The  coluffln  was  standardized  by  pjreparing  separately  saaples  of  ihe 
two  isomeric  cyclopropane s  and  4-t-butylcyclohexanone  (used  as  an  internal 
standard)  of  known  concentrations  and  calculating  the  areas  of  the  peak 
on  the  v.p.c.  chart  for  from  four  to  ten  injections  for  each  sample. 
Plots  of  each  area  vs.  number  of  micxomole  of  sanple  were  then  constructed 
from  these  results.  Reasonably  good  strai^t  line  relationships  of  the 
peak  area  vs.  number  of  micromole  of  san5)les  were  obtained  (Figures  1,  2, 
and  3). 

In  analyzing  the  reaction  products  a  weired  amount  of  4-t-butylcyclo- 
hexanone  vas  added  to  a  given  amount  of  the  decongiosition  product.  The 
mixture  was  dissolved  in  chlorofonn  solution  and  was  analyzed  by  gas 
chromatography.  The  area  ratio  of  4-t-butylcyclohexanone  to  cyclopropanes 
was  measured  and  their  mole  3?atio  found  from  the  standard  curves.  From 
the  wei^ts  of  4-t-butylcyclohexanone  and  the  decousositlon  product,  and 
their  mole  ratio,  the  wei^t  percentage  of  the  cyclopropane  in  the  decomr- 
position  product  was  calcvilated. 

In  cases  of  analyses  for  the  decomposition  products  of  the  2-pyra- 
zolines  (XX)  and  (XXI ),  it  was  found  that  the  cis-  and  trans- cyclopropane 
peaks  were  not  cleanly  separated.  In  oi^r  to  solve  this  difficulty  the 
following  approximation  was  used:  the  line  was  extended  along  the  curve 
on  the  v.p.c.  chart  and  the  area  under  the  peak  was  measured  to  estimate 
the  Tnaximum  percentage  of  the  cyclopropane  as  illustrated  in  Fig^ire  U. 

Under  the  experimental  conditions  (ten5)erature  l88-192°C.,  25  p.s.i. 
and  utilizing  an  18- foot  column,  etc.)  the  retention  times  of  trans-  and 
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Jlgure  1»  —  The  standarizatlon  curve  for  the  ci  s-cyclopropane  (XVl)« 
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Figure  2.  —  The  standarization  curve  for  the  trans- cyclopropane  (XVII ). 
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ngure  3.  —  1316  standarization  curve  for  li-t-butylcyclohexanone. 
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Figure  4.  —  An  illustration  for  the  eetimation  of  the  max.  peak 
area.  I 

cis-cyclopropanes  ranged  from  13  to  l6  mln.  and  15  to  l8  min.  respectively. 
Ftor  this  reason  when  the  decomposition  products  were  analyzed  for  qualitar 
tive  purposes,  pure  trans-  and  c is- cyclopropane  were  added  to  a  portion 
of  the  product  to  ensure  the  correctness  of  the  results  of  the  analyses. 

Decomposition  of  3-iaethyl-ciB-^J^-dicarboiaethoxy-5-piienyl-l-Py^:^ol^ne  (X)'  — 
No  cyclopropane  was  formed  when  the  cis-pyrazoline  (X)  was  decomposed  at 
several  different  temperatures  ranging  from  Ito  to  260°C.  Refluxing  the 
cis-pyrazoline  (X)  in  xylene,  mesitylene  and  decalin  also  did  not  give 
cyclopropane.  However,  when  the  pyrazoline  was  decomposed  at  280-290  C, 
it  was  decomposed  to  yield  cyclopropane. 

A  sample  of  0.2^0  grams  of  the  cis-pyrazoline  (X)  with  d.p.  137°C. 
was  introduced  in  a  test  tube  preheated  at  280-290°C.  "Ehe  residue  wei^ied 
0.180  grams.  From  the  analysis  by  gas  chromatography,  the  residue  was 
found  to  contain  approximtely  6  percent  by  wei^t  of  the  cis-cyclopropane 
(XI)  and  approximately  2  percent  by  wei^t  of  the  trans- cyclopropane  (XIIl). 

Gas  chromatographic  analysis.  ■"^'■■% 

Wt.  of  the  decon^osition  product  I80.0  mg. 

Wt.  of  l^t-butylcyclohexanone  -lif.O  mg.  ^ 
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Area  ratio: 

els- cyclopropane  ix?  ^-t-butylcyclohexanone    0,J4-39 
trans- cyclopropane  to  U-t-butylcydohexanone   O.OlU 
Hsle  ratio : 

ci s- cyclopropane  to  li-t-butylcyclohexanone    0.if69 
trans- cyclopropane  to  4-t-butylcyclohexanone   O.II6 
/  Wt.  percentage; 

cis- cyclopropane  5*9 

trans-  cyclopropane  1.5 

It  was  further  observed  that  under  the  above  ejcperimental  condition 
the  mole  ratio  of  cis-  to  trans- cyclopropane  products  was  not  independent 
of  the  purity,  as  indicated  by  the  melting  point  of  the  cis-l-pyrazoline. 
The  mole  ratio  of  cis  :  trans  cyclopropane  was  observed  to  be  9.4  :  0.2 
\^en  the  decomposition  point  of  liie  cis-1-iyrazoline  was  133°C.j  8  :  1 
■vixen  the  melting  point  was  10i)°C.;  and  as  previously  desciribed,  6  :  2 
vhen  the  decomposition  point  was  137°C. 

Decomposition  of  3-methyl-ty;^^-3,^-dlcarbomethoxy-5-phenyl-l-pyrazoline 
(XII )♦  —  A  sanrple  of  O.O823  grams  of  the  trans-pyrazoline  (XIl)  was 
decomposed  at  l80-l85°C.  1516  residue  weighed  O.078I4  grans.  From  the 
analysis  by  gas  chromatography,  the  residue  W8ls  found  to  contain  approxi- 
mately 12  percent  of  the  trans- cyclopropane  (XIIl).  No  detectable  amount 
of  the  cis- cyclopropane  (Xl)  could  be  found.  The  cis- cyclopropane  (Xl) 
was  also  found  to  be  absent  in  the  decomposition  product  of  the  crude 
reaction  mixture  of  the  trans-pyrazoline  (XII ). 
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Gas  chroiaatographiG  analysis. 

Wt.  of  the  decorapositlon  product  137»1  188» 

VJt.  of  U-t-butylcyclohexanone  25.I  mg.    ■ 

Area  ratio: 

trane- cyclopropane  to  if-t-butylcycloliexanone   0.513 
Jfole  ratio: 

trans-  cyclopropane  to  Ij-t-butylcyclohexanone   0.513 
Wt.  percentage  of  the  cyclopropane  12.2 

Decomposition  of  the  2-pyra20line  (XX).  —  A  san5)le  of  O.617  grams  of  the 
2-pyrazoline  (XX)  was  decomposed  at  2iK)-26o°C.  until  53.30  ml.  (at  753  mm. 
and  28°C.)  of  nitrogen  had  been  evolved.  The  analysis  of  the  decongjosi- 
tion  product  by  gas  chromatography  showed  it  to  contain  a  maximum  of 
78.5  percent  by  wei^t  of  the  cis- cyclopropane  (Xl)  and  a  maximum  of 
Q,k   percent  by  vei^it  of  the  trans- cyclopropane  (XIIl).  Due  to  the 
presence  of  an  uncharacterized  iii5)iirity  in  the  decomposition  product  the 
peaks  of  the  cis-  and  the  trans- cyclopropane  were  not  cleanly  separated. 
Therefore,  the  approximation  described  in  "General  Procedure  for  Gas 
Chromatographic  Analysis  of  the  Decomposition  Product"  was  employed  to 
estimate  the  maximum  percentage  by  weight  of  the  two  cyclopropanes  in  the 
decoiqpositiou  product* 

The  major  cyclopropane  product,  the  cis- cyclopropane,  was  isolated 
from  the  deconqposition  product  by  liquid  phase  chromatography  by  using 
acid-washed  alvmiina  as  an  adsorbent  and  20  percent  etiber  in  pentane  as  an 
eluent.  ISie  infrared  spectrum  of  the  isolated  cyclopropane  was  identical 
to  that  of  the  cis- cyclopropane  (Xl). 
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Gas  chromatographic  analysis* 

'    Wt»  of  the  decoBgxDsition  product  22.8  mg. 

Wt*  of  U-t-butylcydohexanone  5,1  fflg« 

Area  ratio: 

c i s- cyclopropane  to  ii-t-butylcyclohexanone  2.10 

trans- cyclopropane  to  U-t-butylcyclohexanone  0,28 

Jfole  ratio: 

ci s- cyclopropane  to  ^-t-butylcyclohexanone  2.22 

trans-cyclopropane  to  U-t-butylcyclohexanone  0,2^4^ 

Wt.  percentage: 

ci  s- cyclopropane  T&»3 

trans- cyclopropane  Q»k 

Decomposition  of  crude  2-pyrazoline  (XXl).  —  A  saii5>le  of  1.19  grains  of 
crude  XXI  was  deconiposed  at  200-250°C.  until  89. 80  ml.  (at  759.7  mm.  and 
25°C.)  of  nitrogen  had  been  evolved,  de  decongjosition  product  weired 
0.9^+  grams.  The  decon^osition  product  was  analyzed  by  gas  chromatogiraphy 
and  the  presence  of  both  trans-  and  cis- cyclopropane  were  confirmed. 
However^  quantitative  evaluation  of  the  cis-  and  trans- cyclopropane 
presented  two  difficulties.  First,  under  the  experimental  conditions 
employed,  the  cyclopropane  peaks  were  not  cleanly  separated  to  allow 
accurate  determinations.  Second,  there  was  a  peak  with  a  retention  time 
very  close  to  that  of  Hxe   internal  standard,  4-t-butylcyclohexanone.  The 
last  difficulty  was  overcomed  by  the  following  method:  the  etrea  ratio  of 
the  trans- cyclopropane  to  the  interf erring  peak  was  determined.  From  this 
ratio,  tiie  area  of  the  trans-  cyclopropane  peak  and  iiie   sum  of  the  areas  of 
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the  internal  standard  and  interferring  peaks,  the  area  of  the  interferring 
peak  was  calculated  and  eliminated.  The  approximation  niethod  described  in 
"C€aieral  Procedure  to  Gas  Ghromatographic  Analysis  of  the  Decon^KSsition 
Product"  was  used  to  ov«rcoiae  the  first  difficulty.  In  this  way  the 
maximum  \reight  percents  of  trans-  and  cis- cyclopropane s  were  estimated  to 
be  22.6  percent  and  8.8  percent  respectively. 

The  major  cyclopropane  product,  the  trans- cyclopropane ,  was  isolated 
from  the  decongxDsition  product  (0.80  gram)  by  liquid  phase  chromatography 
by  using  acid- washed  alumina  (1?  grams)  as  an  adsorbent  and  20  percent 
ether  in  hexane  as  an  eluent.  The  residue  (ca.  0.10  gram)  obtained  after 
the  evaporation  of  the  solvent  from  the  first  four  fractions  (total  volume, 
99  ml.)  was  confirmed  to  be  trans- cyclopropane  by  con?)ari6on  of  its  infrared 
spectrum  with  that  of  trans- cyclopropane  (XIIl) • 
Gas  chromatographic  analysis. 

Wt.  of  the  decon^josition  product  U9.O  mg. 

Wt.  of  i^-t-butylcyclcdiexanone  76.9  ng. 

Area  ratio: 

cis- cyclopropane  to  1^-t-butylcyclohexanone    O.I96 
plus  interferring  peak 

trans- cyclopropane  to  l4-t-butylcyclohexanone   O.578 
plus  interferring  peak 

trans- cyclopropane  to  interferring  peak       I.38 
Mole  ratio: 

cis-cyelopi-opane  to  It-t-butylcyclohexanone    0.35^ 
trans- cyclopropane  to  4-t-butylcyclohexanone   0,812 
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Wt.  percentage: 

CIS-  cy  clopropaaae 
trans-  cy  clopropeuae 


8.8 
22.6 
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IV.  SUMMARY 

The  non-stereospecificity  of  the  decon^KJsitlon  of  3-inethyl-ci8-3>^- 
dicarTxHnethoxy-5>5-<iiphe«yl-l-pyrazoline  (V)  reported  by  van  Alphen  has 
been  confirmed  by  the  coniparieon  of  the  decOH^ositlon  of  his  pyragollne 
with  that  of  isomeric  3-iiaethyl-trans-3, 4-dicarbonEthoxy-5,  ^-diphenyl-1* 
pyrazoline  (VII).  Both  pyrazolines  decoa^wsed  to  give  the  same  product. 

3-Methyl-cis-3,4-dicarbojaetii03£y-5-phenyl-l-pyrazoline  (XXII )  and  3- 
nethyl- trans-  3j  ^<-dicarboiaethoxy-g~phenyl-l-pyrazoline  (XXIIl)  have  been 
synthesized  and  the  Btereochemistry  of  •tiie  phenyl  groups  in  these  pyra- 
zolines has  been  tentatively  assigned  as  trans  to  the  carbomethoxy  group 
on  the  C-k  atom  of  the  pyrazolines. 

Hie  decomposition  of  the  cis-1-pyrazoline  (XXIl)  yielded  6  percent 
by  wei^t  of  the  cis- cyclopropane  (XVI )  and  2  percent  by  vei^t  of  the 
trans- cyclopropane  (XVII ),  while  the  decoD5>08itioa  of  the  trans-1-pyra- 
zoline  (XXIIl)  gave  12  percent  by  vel^t  of  the  trans-cyclopropane  (XVIl) 
and  no  detectable  amount  of  -tiie  cis- isomer,  indicating  that  the  decompo- 
Bitions  in  these  cases  are  stereoselective. 

T5ie  geometrical  configurations  of  the  cyclopropane s  resulting  from 
the  decoii5>osition  of  Hie  1-pyrazolines  have  been  assigned  as  a  result  of 
synthesis  of  the  cyclopropane  ^rith  cis- carboalkoaqr  groups  from  the 
anhydride,  stereospecific  syntheses  of  each  cyclopropane  from  appropriate 
2-pyraaolines  aad  attea5>ted  anhydride  formation  from  the  di-acid  resulting 
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from  hydrolysis  of  XIII »  Bie  assigned  configurations  have  been  further 
confirmed  by  n»m.r»  analyses. 
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